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The St Lucia Estuary is part of the uMfolozi/uMsunduzi/St Lucia estuarine system which 41 forms the largest fluvial coastal plain in South Africa (Van Heerden, 2011 ) and the largest subsistence forestry (GTI, 2010) . While each of these activities benefits from the ecosystem
Study area
92
With an area of about 30 520 ha, St Lucia is the largest estuary in South Africa (Moll et In the south the estuary mouth is connected to the Indian Ocean by the 21 km long Narrows 97 channel. The lake system is separated from the sea by high coastal dunes that flank its eastern 98 bank (Taylor, 2006) . 
103
St Lucia has an inlet/mouth that is periodically closed to the sea for months to years at a time 104 depending on the river inflow regime and management interventions. This means that water Found at estuary margins, as epiphytes and associated with mangrove pneumatophores.
Submerged macrophytes
Ruppia cirrhosa, Zostera capensis and Stuckenia pectinata
Plants rooted in substrata whose leaves and stems are completely submersed.
Reeds and sedges Phragmites australis, Juncus kraussii and Schoenoplectus scirpoides
Observed at sites with freshwater input at the margins, rooted in submerged substrata. Juncus kraussii is observed at the vicinity of the Forks and the Narrows.
Mangroves
Avicennia marina and
Bruguiera gymnorrhiza
Observed in the brackish to saline intertidal areas at the Narrows and mouth area.
Grass and shrubs
Sporobolus virginicus, Paspalum vaginatum and Stenotaphrum secundatum
Sedge grass and shore slope lawn, observed in areas where there is no freshwater input, freshwater is provided by rainfall. Salt marsh Sarcocornia sp., Salicornia meyeriana and Atriplex patula Succulent species colonize exposed saline soils in False Bay and in the mudflats of North Lake and are not tolerant to long periods of inundation.
Swamp forest
Ficus trichopoda, Barringtonia racemosa and Voacanga sp.
Observed on the banks of Mfolozi Estuary, in the vicinity of the back channel and Narrows and along the Eastern Shores under freshwater conditions.
Floating macrophytes Nymphaea nouchal, Azolla filiculoides
Floating leaved species are commonly associated with submerged and deepwater aquatics and occur at water depths from 0.5 to 2 m.
LiDAR data
139
A LiDAR data set acquired in WorldView-2 sensors was acquired. All imagery was provided in full band mode,
155
geometrically but not radiometrically corrected (level 2B). Table 2 below gives an overview   156 of the respective sensors, the spatial resolution and the respective acquisition dates. The 
Methods
171
The final goal of comparing habitat classifications derived from different combinations of 172 input data has been achieved following several pre-processing, data conversion and data 
199
The LiDAR data for that area were provided in individual small tiles as well. Therefore, in a 200 first step, those tiles covering the SPOT-6, RapidEye and WV-2 mosaics were identified.
201
For those, both, the 25cm contour SHP files as well as the unthinned xyz ASCII files binned 202 to 1m resolution were converted into an ERDAS IMG raster format matching the spatial 203 resolution of the respective multispectral images (2m and 5m respectively). The raster tiles
204
were then mosaicked and reprojected to match the projection of the multispectral mosaics.
205
The elevation data ranges were then stretched and the layers were stacked (i.e. attached) to 206 the respective multispectral images (see respective last layers "contour DEM" and "xyz DEM" in Table 3 Impacted points were omitted to avoid biases in the classification and validation approach. classes, these subclasses were treated as individual classes during the classification process.
268
As an example, the class "Grasses and Shrubs" consisted of areas which were clearly dominated by shrubs, while other areas were dominated by grasses, resulting in either more 270 shrub or grass dominated spectral signatures. Here subclasses "Grass and shrubs_woody" and
271
Grass and shrubs_grassy" were created. Furthermore some of the reeds were flooded during 272 the time of image acquisition and looked spectrally different from non-flooded reeds.
273
Keeping these spectrally different subgroups of a class separate in the actual classification 274 process has shown to produce higher classification accuracies. The classification process was 275 then run on all 8 layer stacks (as per Table 3 ) twice, first excluding, then including the 276 contour and xyz DEM respectively, resulting in a total of 16 classifications. classifications shows that the same confusion occurred frequently between these two classes.
358
However, we expect that the high dynamic of the estuarine vegetation, in particular the non- 
403
The class Open Water was amongst the best classes in most of the images, which was 404 expected. Water and Bare soil were classified with very low accuracies however in the
405
RapidEye images, and the reasons for this are discussed in section 4.5 below.
406
The implication of these results for the user is that Submerged macrophytes, Swamp forest, 
Comparison of accuracies between sensors 417
Generally, WorldView-2 produced the best accuracies and SPOT-6 the second best results,
418
while all the RapidEye classifications have strikingly low accuracies ( 
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In the 2011 result, the class Sedges and Reeds for the reasons described above is confused 451 with Grass and Shrubs. However, in this image, Grass and Shrubs also was confused with
452
Bare soil. It has to be remembered though, that the Bare Soil mask was produced using an enough to distinguish between these spectrally similar classes. canal would also result in increased turbidity particularly in the Narrows.
510
In the 2011 image however, the water looks greenish, indicating some degree of chlorophyll,
511
either from some microalgae bloom or by submerged macrophyte development. This show that the water level at that time was very low and that during the three days preceding more stable than the systems that close with large fluctuations in water levels.
564
The results show that the spatial and spectral resolution of modern very high resolution 565 imagery is sufficient to satisfactory map and monitor small scale estuarine vegetation. They 566 emphasize however the importance of synchronisation of ground truthing data with actual 567 image acquisition times in these highly dynamic environments. and DigitalGlobe (WorldView-2).
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